nostic tests, and the internal validity of current diagnostic symptom criteria. Few studies met accepted methodological criteria. While symptom criteria have been validated, the utility of endoscopic and other diagnostic interventions remains unknown. An analysis of the literature, combined with consensus from experienced clinicians, resulted in the development of a diagnostic algorithm relevant to primary care that emphasizes a symptom-based diagnostic approach, refers patients with alarm symptoms to subspecialists, and reserves radiographic, endoscopic, and other tests for referral cases. The resulting algorithm highlights the reliance on symptom criteria and comprises a primary module, 3 submodules based on the predominant symptom pattern (constipation, diarrhea, and pain) and severity level, and a subspecialist referral module.
Conclusions:
The dearth of available evidence highlights the need for more rigorous scientific validation to identify the most accurate methods of diagnosing IBS. Until such time, the diagnostic algorithm presented herein could inform decision making for a range of providers caring for primary care patients with abdominal discomfort or pain and altered bowel function suggestive of IBS. Med. 2001; 161:2081 -2088 I RRITABLE BOWEL syndrome (IBS) is a common disorder characterized by abdominal pain, bloating, and disturbed defecation. Irritable bowel syndrome remains the most common disorder encountered by gastroenterologists. 1 The incidence of IBS is reported to be 15% to 20% in the general population, 2, 3 with prevalence rates dependent upon the symptom criteria 4 used to define the condition. Furthermore, functional bowel complaints such as IBS are responsible for nearly 50% of visits to gastroenterologists. 5 Presently there are no known biochemical or structural markers for identifying patients with IBS. In most cases, a diagnosis of IBS is based on typical symptoms and negative results of a limited diagnostic evaluation. Consequently, symptom criteria for diagnosis have been proposed. Currently, the most widely accepted criteria include the Rome I criteria, 6 the Manning criteria, 7 and the recently developed Rome II consensus criteria. 8 These criteria have been used in research protocols to facilitate study inclusion. However, they have undergone limited validation, particularly in primary care settings.
Arch Intern
In addition to symptom criteria, several diagnostic algorithms, such as that proposed by Schmulson and Chang, 9 have been developed to facilitate the diagnosis and management of IBS. However, most guidelines were developed for use in the specialty care setting and targeted for patients with more severe symptoms. While many algorithms use structured and validated expert panel methods, most panels consisted of academic center subspecialists, who may not reflect the understanding and concerns of provider organizations focused on the provision of care in the primary care setting.
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The objective of the present study was to arrive at evidence-and consensus-based guidelines for a diagnostic approach to patients with suspected IBS with specific relevance to primary care providers. Our evidence-based approach to guideline development relied upon a systematic review of the published medical literature and consensus from an expert panel of experienced clinicians in a variety of health care settings. A modified Delphi technique was used for instances in which the published literature could not inform the decision-making process. The purpose of this effort is to provide primary care and nonacademic clinicians with guidance to improve the evaluation and diagnosis of patients with IBS.
METHODS
A 3-phase approach was used to construct the evidence-based guidelines for diagnosing IBS. The phases include a systematic literature review of diagnostic studies in IBS, a comprehensive appraisal of prior studies and estimates of the accuracy of diagnostic tests, and convening an expert panel to synthesize this information and develop consensusbased recommendations about the diagnosis of IBS.
SYSTEMATIC REVIEW OF THE LITERATURE
We searched 4 computerized bibliographic databases (MEDLINE, HEALTHSTAR, Evidence-Based Medicine, and the Cochrane Database) to identify English-language articles published between January 1966 and April 2000. The focus of the search was on articles that evaluated the performance of diagnostic tests and procedures for IBS. Search terms and strategies were developed in cooperation with an expert librarian experienced in advanced search strategies of health-related computerized databases. In addition, the search included the bibliographies of key reviews and of all articles that met the search criteria.
Articles were accepted for review if they used an objective gold standard (ie, Manning, Kruis, or Rome I criteria or clinical assessment) and met one of the following criteria: compared 2 diagnostic modalities, distinguished IBS from another condition, appraised individual symptoms for their diagnostic association, or provided sensitivity/ specificity data on a diagnostic modality.
EVALUATION OF PUBLISHED STUDIES
The symptom criteria were assessed for their test characteristics and performance (Table 1) based on abstraction of the following information from each study: study design 1 (ie, gold standard, diagnostic performance, and disease prevalence) and diagnostic accuracy 2 (ie, sensitivity, specificity, and diagnostic odds ratio).
The quality of each study was assessed by summing the weights of the study characteristics met. These weights were obtained from a multivariate regression analysis reported in a recent publication by Lijmer and colleagues 12 that evaluated design-related bias in assessments of diagnostic tests. The potential range of each study's total score was from 10 Questions that are not associated with a score are excluded. §From Drossman et al. 6 From Thompson et al. 11 ¶Differences between IBS patients and controls were not statistically significant (P Ͼ.05).
0 to 8 unweighted and from 0 to 13.2 weighted. The study characteristics included spectrum (clinical population vs case-control), verification (complete vs different reference tests vs partial), interpretation of test results (blinded vs not blinded), patient selection (consecutive vs nonconsecutive), data collection (prospective vs retrospective vs unknown), details test (sufficient vs insufficient), details reference test (sufficient vs insufficient), and details population (sufficient vs insufficient). Studies were classified as low quality if they scored in the lowest tertile. Conversely, studies were classified as being of mediumhigh quality if their scores were in the middle or high tertile ( Table 2) .
EXPERT PANEL
Because many areas were not addressed in the published literature, in order to complete a diagnostic algorithm, an expert panel was assembled consisting of physicians from 3 medical settings: an academic medical center, a Veterans Affairs medical center, and a large group-model health maintenance organization. Guideline statements were developed from the systematic review, existing guidelines identified in the supplemental literature review, and expert opinion. The panel was asked to vote on the relative appropriateness of each guideline statement by considering both the expected costs and health benefits. Response options were based on a scale from 1 to 9, ranging from extremely inappropriate 1 to extremely appropriate. 9 A score of 5 was considered equivocal. The RAND appropriateness methodology for scoring responses 13 was used as the basis for determining consensus. Results were evaluated with respect to tertile [1] [2] [3] [4] [5] [6] [7] [8] [9] after discarding the lowest and highest scores. Agreement was reached if the remaining 4 scores fell within any 3-point range. Disagreement occurred if at least 1 of the remaining 4 ratings fell within the lowest tertile and at least 1 score fell within the highest tertile. Unclear opinion was defined as all of the votes falling within adjoining tertiles. Experts were allowed to modify their votes after independently reviewing the results of the group's ratings.
DIAGNOSTIC ALGORITHM
Guidelines in the form of a diagnostic algorithm were developed incorporating the best available evidence and expert opinion regarding the diagnosis of IBS. Expert opinion was used when evidence in the literature did not exist to inform the decision. Guideline statements were incorporated into the algorithm when they met 1 of 2 criteria: if there was strong literature-based evidence or if the expert panel voted that the guideline statement was appropriate (ie, a median score Ͼ5). The algorithm details whether there was agreement or disagreement among the expert panel. The methodology of the algorithm flowcharts is consistent with the format previously adopted by the Agency for Health Care Policy Research. 14 
RESULTS

SYSTEMATIC REVIEW
The initial search strategy identified 291 titles. One hundred twentyeight abstracts remained after explicit title rejection criteria were applied. Further evaluation of these 128 abstracts resulted in 88 articles for final review. Of the 88 articles identified, 28 (32%) met the criteria for inclusion in the systematic review.
PERFORMANCE AND QUALITY EVALUATION OF DIAGNOSTIC CRITERIA Manning Criteria
Of the 3 sets of diagnostic criteria identified in this review, the Manning criteria appeared to be the most extensively studied. Manning and colleagues 7 originally identified only 4 symptoms that were significantly more prevalent in IBS patients than in organic controls. Two further symptoms approached statistical significance (mucus per rectum and sensation of incomplete evacuation). Using the 4 significant symptoms, subjects having less than 2 symptoms had a positive predictive value for IBS of 12%. If 2 or more symptoms were present, the positive predictive value was 74%. Finally, if 2 or more symptoms were present with all 6 symptoms included, the positive predictive value was 63%. Groups have continued to determine sensitivity and specificity data for 2 of 4 and 2 or 3 of 6 symptoms ( Table 3) .
When 2 of 4 symptoms were used, the Manning criteria yielded a sensitivity and specificity of 91% and 70%, respectively. 7, 16, 17 In addition, when 2 or more of 6 criteria were used, sensitivity ranged from 84% to 94% and specificity ranged from 55% to 76%. 7, [16] [17] [18] 21 In articles in which 3 or more symptoms were assessed (irrespective of whether it was out of 4 or 6), sensitivity ranged from 63% to 90% and specificity ranged from 70% to 93%. [16] [17] [18] [19] [20] The diagnostic ability of the Manning criteria also depended on the control group used. All but 1 study compared the ability to distinguish IBS from organic gastrointestinal (GI) disease. 15 However, in- terpretation of the validation studies is problematic since many of the control group patients experienced or had upper GI symptoms rather than the organic lower GI disorders from which IBS more generally needs to be distinguished. The Manning criteria fared better when used to distinguish patients with IBS from healthy controls (sensitivity, 65%-66%; specificity, 86%-93%) 15, 19 than when used to distinguish IBS from organic GI disease (sensitivity, 58%-94%; specificity, 55%-93%). 7, [15] [16] [17] 19, 20 
Kruis Score
Kruis and colleagues 10 used a point system whereby functional symptoms received positive values and "red flag" symptoms received negative values (Table 3) . Based on this point system, using a score of 44 or greater, to identify IBS (or Ն3 symptoms from the list in Table 1 ), the sensitivity was reported as 64% and the specificity as 99%.
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Rome I Criteria
Rome I criteria were developed through expert consensus as the first of an ongoing series of criteria for the standardization of diagnostic criteria for IBS. 5, 8 The 3 elements of the Manning criteria that were elucidated in factor analysis constitute the first part of the Rome I criteria. Despite this, the published validation of these criteria is minimal. Table 3 summarizes data from 2 studies, only one of which provided an evaluation of the sensitivity and specificity of the criteria. 23 The Rome I criteria demonstrated a sensitivity of 65% and specificity of 100%. The positive predictive value ranged between 69% and 100% in these 2 patient groups. However, the study had a relatively small sample size and combined the absence of red flag features with symptom criteria.
Comparisons of Criteria
Although the Rome I criteria have not been well tested in a controlled fashion, studies have tried to compare results between the various criteria. Two articles compared the agreement among various diagnostic criteria for IBS. There was good agreement between the Manning and Rome I diagnosis of IBS in 1 study (=0.72). 24 Additionally, in a large populationbased study, 98% of subjects who tested positive for the Rome I criteria also met the Manning criteria. 25 However, of the subjects who tested positive for 2 or more of the Manning criteria, only 37% were positive using the Rome I criteria. The lower prevalence rate could be due to the inclusion of pain as a necessary precondition in the Rome I criteria.
Quality of the Criteria
Each of the studies used to validate standard diagnostic criteria was scored based on quality criteria. The raw scores ranged from 1 through 8, and weighted scores ranged from 3 to 13.2. Of the 7 validation studies for the Manning criteria, all but 1 were of medium to high quality. The 3 validation studies on the Kruis criteria all received a medium to high quality score. Only 1 of the 2 validation studies for the Rome I criteria obtained a medium to high quality score. Two additional studies were identified that compared diagnostic criteria. 24, 25 However, these studies did not compare the criteria with a diagnostic gold standard.
DIAGNOSTIC ALGORITHM
The diagnostic algorithm was developed based on consensus of the guideline statements that were derived from the systematic review, supplemental review, and expert opinion. The algorithm consisted of a primary module, a primary care workup module that comprised 3 predominant symptom patterns (constipation, diarrhea, and pain), and a subspecialist referral module (Figures 1, 2, and 3) .
While the evidence suggests that the Manning criteria have the greatest number of validation studies, the expert panel reached consensus and selected the Rome II criteria as the primary diagnostic symptom criteria. The Rome II criteria incorporate the most valid elements of the Manning criteria while broadening inclusion with the addition of abdominal discomfort or pain and potentially greater discrimination between IBS and other functional disorders. In addition, the subcategorization of IBS on the validated Rome I platform facilitates management in a clinical algorithm. Given the validity of the Manning criteria, the panel alternatively accepted chronic abdominal pain plus 2 or more Manning criteria as an acceptable criterion for the algorithm. Severity of illness was classified into 3 categories: mild (can be ignored if the patient does not think about it), moderate (cannot be ignored but does not affect patient's lifestyle), and severe/very severe (affects patient's lifestyle). 26 Predominant symptom patterns were chosen by the expert panel based on the categorization of the Rome Working Group.
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After patients are categorized, a thorough history should be taken to identify previous interventions, therapies, and medications used. In some cases, a psychosocial assessment is recommended. The expert panel achieved consensus that an empirical trial of therapy based on the predominant symptom complex does aid in the treatment of patients with suspected IBS. Failure to respond to empirical trials may have diagnostic implications as in other functional GI disorders, although evidence is forthcoming. Conservative empirical trials may include the use of antidiarrheal agents for predominant diarrhea symptoms or antispasmodics for predominant pain symptoms. Trials could also include psychosocial counseling, stress reduction, or biofeedback based on needs assessment. Further diagnostic consideration may be undertaken depending upon responses to this trial. Upon referral to a subspecialist, traditional invasive and noninvasive testing is recommended, if necessary, to establish the diagnosis and to arrive at a therapeutic approach targeted at the predominant symptom complex.
In the development of the algorithm, there were areas of agreement and disagreement that impacted the specific diagnostic approach. For example, all of the experts agreed that it is "inappropriate" to have all patients who are " . . . referred to the gastroenterology subspecialty unit with suspected IBS be given an anorectal manometry exam." Conversely, experts disagreed whether it would be appropriate that all patients " . . . referred to the gastroenterology subspecialty unit with suspected IBS be given a large bowel exam."
COMMENT
The objective of the present study was to use the best available evidence, supplemented by expert opinion, to arrive at evidence-and consensus-based guidelines for a diagnostic approach to patients with suspected IBS. Scant data were identified in the published literature regarding the effectiveness of competing diagnostic approaches, the accuracy of diagnostic tests, and the internal validity of current diagnostic symptom criteria. As a result, it was necessary to rely upon previously published validation studies, previously developed practice guidelines, and the consensus opinion of our expert panel when developing guidelines. To achieve the study's objective, a panel was assembled that reflects the needs and concerns of primary care providers.
Preliminary efforts toward the development of diagnostic guidelines entailed the systematic review of previous investigations. Of the studies identified in the review, 8 assessed the Manning criteria, 7,15-21 3 evaluated the Kruis criteria, 10,20,22 and 2 evaluated the Rome I criteria 21, 23 ( Table 3 ). The latest Rome II criteria are based on needed improvements to the Rome I criteria and use the most valid elements of the Manning criteria. However, it is evident that more research is needed to better validate both the Rome I and Rome II criteria. Still, the potential advantages of the Rome II criteria include simplicity and improved sensitivity as a result of the inclusion of discomfort and pain as symptoms. Furthermore, the Rome II criteria have potentially greater specificity given that they do not include the second part of the Rome I criteria (non-pain-related symptoms), which had poor clustering in factor analysis.
Over the past decade, research has begun to reveal differences in physiological findings in IBS subjects with different predominant symptom patterns, including dysmotility, gut hypersensitivity, and altered brain activation, among others. 11 To subclassify by predominant symptom, diarrhea vs constipation, new criteria were needed to better identify these subgroups. Thus, the Rome II criteria may offer improved discriminative ability for diagnosing patients with IBS. 8 While abstracts assessing the validity of the Rome II criteria have been presented, [27] [28] [29] [30] [31] no fulllength reports on the validity of the Rome II criteria had been published at the time of this report.
The Manning and Rome criteria have gained much attention. However, the Kruis score 10 has not been as widely adopted, possibly because of the inclusion of red flag symptoms as part of the scoring algorithm. Red flag symptoms are quite common in subjects with IBS, and, based on the present review, blood in the stool may be seen in up to 31% of IBS subjects, with no objective cause identified on subsequent evaluation. 15 Blood in the stool alone could represent hemorrhoidal bleeding in IBS patients, yet, in the Kruis score, this would incur a penalty of 98 points-enough to fail to meet the criteria for IBS. This may explain the relatively low sensitivity and high specificity of the Kruis score. Frigerio and colleagues 22 adjusted the score to exclude a diagnosis of organic digestive disease in patients with 44 or more points. Still, their modification was unable to significantly improve the sensitivity of the criteria.
Based on the present evaluation, studies that assessed standard diagnostic criteria were generally of medium to high quality. However, only 1 study of medium to high quality evaluating the Rome I criteria was identified in the review. Although surveys and symptom criteria have been used as an aid to identify IBS and to distinguish IBS from other functional disorders, 26, [32] [33] [34] [35] procedures have most often been relied upon to rule out organic disease. While the expert panel reached agreement regarding the use of sigmoidoscopy and colonoscopy in the guidelines, no validated evidence was found to support the diagnostic value of these and other commonly used invasive and noninvasive procedures (eg, blood tests or colonic transit studies). Moreover, recent evidence suggests that testing for and treating small intestine bacterial overgrowth in IBS may result in improved outcomes, 36 but diagnostic utility in the primary care practice setting requires further validation.
The diagnostic algorithm presented represents an accumulation of the best available evidence-and consensus-based expert opinion from a variety of practice settings. We recognize that there is a lack of expert consensus in many areas-both among experts and between experts and the published literature. Guideline statements were incorporated that were deemed appropriate even if there was disagreement among experts. This enhances the flexibility of the algorithm, allowing providers greater opportunity to employ their own judgment. Accepted components of the algorithm include the differential treatment of patients based on predominant symptom type (constipation vs diarrhea vs abdominal pain) and the fact that younger patients without alarm symptoms should be seen initially in the primary care setting. There is agreement that symptom severity should play a role in the intensity of treatment. However, it is well known that IBS patients often present with extraintestinal symptoms, especially psychological comorbidity, that may dramatically influence the classification of severity. While we advocate empirical trials in our algorithm as an aid to management, the diagnostic validity of this approach remains unclear. Furthermore, the utility of newly available medications targeting the pathophysiological mechanisms of IBS remains unclear. Still, these medications hold promise for more targeted empirical trials based on the pathophysiological mechanism of the predominant symptom complex. The potential utility of targeted empirical trials is that a treatment response may become a diagnostic indicator in itself. Therefore, the predictive value of empirical therapy must be assessed in prospective trials.
There are several limitations to the present study. First, the findings of our systematic review were likely confounded by publication bias; that is, small studies with positive findings are selectively published. Thus, it is possible that studies with negative findings regarding the discriminative capability of symptom criteria or poor test characteristics of standard diagnostic tests may not have been discovered in our review. There were also many gaps in the literature, which meant that expert opinion was required to develop the algorithm. Additionally, several areas of disagreement remained even after a 
